Wastewaters from textile industries are known for their difficulty to treat, several alternative technologies are applied for their treatment. In this context, the study examined a hybrid treatment system, composed of electrocoagulation combined with a natural coagulant (extract of Moringa oleífera lam seeds) to remove reactive dye Blue 5G aqueous solutions. The work evaluated the use of milder operating conditions to improve the efficiency of treatment, with reduced demands for electrical power and coagulant. The following factors were evaluated: electric current intensity, natural coagulant concentration and hydraulic retention time. A quadratic model was adjusted and validated at a 5% significance level. The overall optimization resulted in conditions of 0.28 A for electrical current intensity, 1000.00 mg L -1 of aqueous extract of Moringa oleífera lam and 5 min for hydraulic retention time. While operating under optimal conditions, the removal of 71.38% of color and 5.22 mg L -1 of iron residual concentration was achieved.
INTRODUCTION
Despite current technological developments, many there are still many problems due to contamination and water pollution of waters. The development and improvement of technologies for effluent treatment are needed, not only from the perspective of the technical feasibility of pollutant removal, but also from the social-environmental viewpoint, since the minimization of treatment system waste is an important factor.
Industrial textile effluent is characterized by low biodegradability and relative toxicity. The study of alternative treatment technologies is therefore very important, since this sector consumes large volumes of water, and the need to reuse this water becomes increasingly important.
Among the physical-chemical treatment technologies of effluents, electrocoagulation is an interesting option. The technique can be more efficient than the coagulation/flocculation process normally used. This process uses the basic foundation of coagulation/flocculation, producing redox reactions, and also generates micro bubbles that ascend and eventually interact with whole system. The result is flocculation and flotation of the pollutant as a sludge, and consequently, optimization of treatment process effectiveness (Aquino Neto et al., 2011) .
There are in literature several studies that report the effectiveness of wastewater treatment by electrocoagulation, particularly, applications on textile effluent treatment (Pajootan et al., 2012; Daneshvar et al., 2006) . In this context, electrocoagulation technology had been combined with other treatment technologies, such as, ozone (Asaithambi et al. 2012; Song et al., 2007) , fenton (Yavuz et al., 2014) , ultrasound agitation (Raschitor et al., 2014; Vianney e Muthukumar, 2016) and adsorption (Secula et al., 2012) .
Another interesting work evaluated the efficiency of electrocoagulation process assisted by Opuntia ficus indica pad juice. The natural coagulant addition provided a 15.1% increase in turbidity removal from a synthetic solution (tap water with 300 mg L -1 and silica gel (Adjeroud et al., 2015) . Chemical coagulation and electrocoagulation techniques also have been explored for the removal of organic compounds from slaughterhouse effluent. The results showed that combined processes are inferred to be superior to electrocoagulation alone (Bazrafshan et al., 2012) .
Still in the field of alternative technologies for effluents treatment, the employment of the seed of Moringa Oleífera Lam as a natural coagulant deserves to be highlighted. The Moringa Oleífera Lam seed acts as an effective coagulant agent because it contains a cationic protein of low molecular weight which interacts with the organic material of the effluent, destroying the stability of colloidal structures and facilitating the removal of the material by sedimentation (Arantes et al., 2012) .
The analysis of the chemical composition of Moringa Oleífera Lam seeds reveals that the pulp contains proteins of low molecular weight and dissolution in water favors the attachment of colloids due to the neutralization of surface charges. The main reason for this coagulant action is the formation of bridges between the particles in suspension and specific organic Rev. Ambient. Água vol. 14 n. 3, e2290 - Taubaté 2019   2017 molecules present in Moringa Oleífera Lam extract (Barreto et al., 2009) .
The extract of Moringa Oleífera Lam has shown excellent performance for water clarification, reaching 90-94% of turbidity removal. This result is similar to substances traditionally used, such as Aluminum Sulphate (Al2 (SO4)3), Ferric Chloride (FeCl3) and Ferrous Sulphate (FeSO4) (Paterniani et al., 2009) . Extracts from the pulp and the shell of the seed were also used for iron oxide removal from rainwater (Carvalho et al., 2006) .
The combination of these two techniques, electrocoagulation and the addition of a natural coagulant based on Moringa Oleífera Lam, as an hybrid system, may constitute a promising application for the treatment of textile effluent. This work therefore applied the hybrid treatment system to removal of reactive dye Blue 5G from aqueous solutions to evaluate whether the association of these treatment technologies, operated under milder treatment conditions, may provide an increase of performance.
MATERIALS AND METHODS

Analytical methodologies
The dye solutions used were prepared from the commercial reactive dye Blue 5G, with a concentration of 50 mg L -1 . Sodium Chloride was added to a concentration of 1 g L -1 to increase the solution electrical conductivity.
The color evaluation of samples was performed by light absorption (peak height) at 618 nm, which was previously determined by spectrum scanning on a PerkinElmer Spectrophotometer, dual beam, Lambda 45 model. This wavelength is in agreement with results reported in literature (Lambrecht et al., 2015) . Color removal was assessed by comparing the absorbance of the samples with treatment and without it.
The determination of the concentration of residual iron was carried out through spectrometry atomic absorption flame, using the direct method of air-acetylene flame. Before the residual iron determination, the samples were prepared by acid digestion. Therefore, 50 mL of sample was transferred to an Erlenmeyer and 5 mL of nitric acid (HNO3) was added. The digestion was heated until the volume was reduced to 20 mL. The digested sample was transferred to a volumetric flask, and distilled water was added until the volume of 50 mL was reached. Atomic absorption measurements used the following conditions: Acetylene flow = 2 L min -1 ; Air flow = 13.5 L min -1 ; Lamp current = 10 mA; wave length 248.3 nm and slit = 0.2 m. The dilution of standard iron solution followed the concentrations: 0.5; 1.0; 2.5; 5.0 and 10.0 mg L -1 .
Method for obtain the extract of Moringa oleífera lam seed
The Moringa Oleífera Lam (MO) seeds used in this work, which were selected for uniformity in size and coloring, were from the municipality of Medianeira-PR Brazil, Latitude: 25 17'43" S and Longitude: 54 05'38" W and Marechal Cândido Rondon -PR Brazil, Latitude: 24 33'22" S and Longitude: 54 03'24" W.
Initially, the husks of MO seeds were removed and manually macerated so that a homogeneous material was obtained. This material was used in a natural coagulant solution preparation at a ratio of 5 g of MO to 100 mL of saline aqueous solution (20% sodium chloride concentration). This solution was then agitated for 20 s in an ultrasonic bath, at 80 kHz frequency and 150 W of power. After the extraction stage was finished, the solution was subjected to a vacuum filtration with filter paper of a 3-micrometer pore. After this procedure, the resulting solution can be used in coagulation/flocculation tests, presenting a ratio of 50.000 mg L -1 (solution matrix of coagulant). Figure 1 is a schematic of the treatment system for synthetic textile effluent (reactive dye Blue 5G solution) operating under continuous flow, employing electrocoagulation technology as a hybrid arrangement with the addition of aqueous extract of Moringa oleífera lam seed. In first compartment, "a", the aqueous extract of Moringa oleífera lam seeds is mixed with dye reactive Blue 5G solution for a period of 3 min under high agitation. This section is equipped with a spindle, driven by a 12 V engine. The effluent is then pumped to the electrolytic chamber, "b" (18.5 cm of width x 58 cm of length x 20 cm of height, with effective volume of 16 L). In this compartment, the effluent comes into contact with iron sacrifice electrodes, which have two purposes: the viability of electrocoagulation, providing Fe 3+ ions to solution, and also working as baffles, which help the hydraulic system. Finally, the treated effluent flows to the camera, "c", where it is stored. For the electrochemical treatment, the electrodes are connected to a DC-power source, in a parallel mode. Five pairs of iron electrodes were used, with a total area of 512 cm 2 . After the tests of electrocoagulation associated with addition of aqueous extract of Moringa Oleífera Lam, samples of treated effluent were collected in duplicate, and after an hour of stabilization were subjected to chemical analyses for color removal evaluation and determination of residual iron concentration.
System of treatment hybrid
Experimental Design
The effects of electric current intensity (I), concentration of Moringa Oleífera Lam coagulant (MO) and hydraulic retention time (HRT) on percentage color removal and concentration of residual iron on treated reactive dye Blue 5G solutions, were evaluated by a Central Composite Rotational Design -CCRD.
According to experimental design CCRD, 2³ factorial tests were performed, with three repetitions at central point condition, and six tests were performed at axial points, totaling 17 runs, which were carried out in duplicate. The real values, corresponding to the range of the study variables, are presented in Table 1 . Table 2 shows that the color removal ranged from 8.46% to 90.25%. In addition, the concentration of residual iron ranged from 3.70 mg L -1 to 9.03 mg. L -1 . Based on Brazilian legislation (Conama, 2011), the dissolved iron concentration limit for effluent discharge in water bodies is 15 mg. L -1 . This threshold was conformed to in all tests. The results obtained in this work with the hybrid treatment system are similar to those reported in the literature.
RESULTS AND DISCUSSION
A techno-economic comparative between the use of chemical coagulants/flocculants and electrocoagulation in the treatment of textile industry wastewater was conducted. In this work the operating parameters analyzed were: pH, electric current density and time of electrolysis. Total Organic Carbon (TOC) and organic dye removal were used to evaluate treatment performance, in addition to energy and electrode consumption. In accordance with the optimal parameters found in this study, the percentage of removal achieved were 81% for COD, 85% for TOC, 93% for turbidity and 97.1% for Total Suspended Solids (TSS). The results showed that despite the costs of power, the electrochemical treatment minimized the production of sludge, which decreased the costs of the process.
The optimum operating conditions to maximize the percentage removal of color and turbidity from washing jeans effluent was found (Ströher et al., 2012) . The process parameters studied were: fast mixing time (ranged from 2 to 5 minutes), slow mixing time (from 20 to 30 minutes), and sedimentation time (from 20 to 30 minutes), with agitation fixed at 95 rpm for coagulation and 30 rpm for flocculation. The natural coagulant concentrations added were 1400, 1600, 1800, 2000, 2200, 2400 and 2600 mg L -1 . After coagulation/flocculation runs in Jar Test, the parameters of color and turbidity were analyzed and presented removals greater than 80.33% and 91,10%, respectively.
The variables that influence the efficiency of color removal from an azo dye solution (Reactive Black 5 -RB 5) by the combination of ozonation and electrocoagulation with iron electrodes were investigated (Song et al., 2013) . Various parameters were evaluated, such as initial pH, initial dye concentration, electrical current density, salt concentration, temperature, ozone flow rate and distance between electrodes. The experimental results showed that the color of RB 5 in the aqueous phase was removed effectively. Under the conditions of initial dye concentration of 100 mg L -1 , initial pH of 5.5, electrical current density of 10 mA cm -2 , salt concentration of 5000 mg L -1 , temperature of 20 ⁰C, ozone flow rate of 20 mL min -1 and distance between electrodes of 1 cm, the removal efficiency of color reached 94%, which corresponds to a COD reduction greater than 60%.
The effects of operating parameters, such as pH, initial dye concentration, electric current density, distance between electrodes and the electric conductivity in the treatment of a synthetic and real textile wastewater by electrocoagulation process were investigated (Merzouk et al., 2010) . The optimal conditions, which were determined from synthetic wastewater treatment, were applied to a real textile effluent. Initially, various current densities were tested ranging from 11.55 to 91.5 mA cm -2 and the distances of the electrodes 1, 2 and 3 cm. The application of ideal operating parameters showed a high removal efficiency. The best results provided 85.5% of suspended solids removal, 76.2% of turbidity, 88.9% of Biochemical Oxygen Demand ( BOD5 20 ), 79.7% of COD and 93% of color.
Empirical Modeling of color removal promoted by treatment hybrid system
Based on the results presented in Table 2 , it was possible to evaluate the effects of the factors studied in response variable color removal. Analyzing Figure 2 (Pareto Diagram), it is possible to assess which of the terms relating to HRT was statistically significant (5% significance level), then these terms were excluded from the model and their contributions were incorporated into residuals. Despite the fact that the terms quadratics and the interaction between electric current intensity and concentration of Moringa Oleífera Lam coagulant have not been significant, these terms were kept in the model. Table 4 presents the ANOVA for color removal response. At under a 5% significance level, the adjusted model is valid, with a determination coefficient of 77.85%. 
Empirical Modeling of concentration of residual iron
Based on the data presented in Table 2 , the ANOVA for concentration of residual iron response was made. The results confirmed the statistical analysis performed for color removal response, where the model terms relating to HRT were not significant, under a 5% significance level. The effects of standardized terms can be observed in the Pareto Diagram (Figure 4) . The terms relating to HRT were excluded from the model of concentration of residual iron, and their contributions were incorporated into residuals. The remaining terms were kept in the model. Table 5 shows the regression coefficients. Table 6 presents the ANOVA for the concentration of residual iron response. It appears that for a 5% significance level, the adjusted model is valid, with a determination coefficient of 75.76%. Figure 5 presents the surface response for concentration of residual iron, setting the HRT at -1.68 (encoded value), or 5 min (real value). According to the surface response, the lowest values for concentration of residual iron are achieved when a high dose of aqueous extract of Moringa Oleífera Lam is used and low values of electric current intensity are employed.
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Overall Optimization of hybrid treatment system and validation of empirical modeling
The optimal values of operating conditions for hybrid treatment system were found using the desirability function of Statistica TM software. This optimization tool searches for a unique solution, which satisfies both the maximization of color removal and the minimization of concentration of residual iron. Figure 6 shows the optimum range of operating conditions obtained by the superposition of level curves for the responses evaluated in electrocoagulation tests in continuous flow. The best overall results were achieved with an electric current intensity of 0.28 A (encoded value of-1) and concentration of Moringa Oleífera Lam extract of 1000.00 mg L -1 (encoded value of +1,68). The HRT could be set at the minimum value (5 min), since it had no effect on the responses of the process. After the optimal setting for the hybrid treatment system had been defined, the validation test was performed in triplicate. Table 7 presents the mean values of color removal and concentration of residual iron responses, in addition to the prediction errors of adjusted models. The results presented in Table 7 show that the model adjusted for color removal response can be used as a predictive model, because the presented mean error was less than 5%. However, the model for concentration of residual iron response presented high prediction error. The efficiency of hybrid treatment system was considered satisfactory, once it removed more than 70% of the color of Reactive Blue 5G dye solution, and the concentration of residual iron remained within allowable limits by Brazilian legislation (15 mg L -1 ) (Conama, 2011). Moreover, the association electrocoagulation with natural coagulant addition (Moringa Oleífera Lam extract) provided an interesting hybrid treatment system. Using both treatment technologies, it was possible to reduce the electric current intensity required, which is important for energy saving. 
Reference
Better results Operating Conditions details (Daneshvar et al., 2006) Almost 100% of color removal from dye mixture 6 a 8 mA cm -2
; Batch experiments; 5 min of electrolysis; 250 mL dye solution treated (Song et al., 2007) Color removal of 94% and more than 60% of COD from Reactive Black 5 dye solution 10 mA cm -2 associated with 20 mL min -1 of ozone flow rate; Batch experiments with continuous ozone feed; 15 min of time reaction; 250 mL of dye solution treated (treatment efficiency evaluated after samples centrifugation) (Yuksel et al., 2011) Color removal of 99.9% from Reactive Yellow RY 135 solution 4 mA cm -2
; Batch experiments; 1.5 L of dye solution treated; 10 min of electrolysis (Merzouk et al., 2010) Despite the different wastewaters tested, the current work used the least electric current and processed the largest volume of effluent.
CONCLUSIONS
The technique of electrocoagulation associated with the addition of Moringa Oleífera Lam extract applied in continuous flow presented excellent results for the removal of color, reaching a percentage of 90.25% for Reactive Blue 5G dye solutions. The concentration of residual iron was monitored for the effluent from the hybrid treatment system, and showed values from 3.702 to 9.031 mg L -1 (below the permissible limit by Brazilian legislation). The overall optimization of the hybrid treatment system has been proceeding successfully. As a result of this analysis, electric current intensity of 0.28 A was achieved, at a concentration of Moringa Oleífera Lam extract of 1000.00 mg L -1 and a hydraulic retention time of 5 minutes. Tests using the optimal setting provided color mean removal of 71.38% and mean concentration of residual iron of 5.2237 mg L -1 . The models adjusted for removal color and concentration of residual iron responses were validated statistically by ANOVA; however, only the model for color removal presented satisfactory results as a predictive model, because the prediction error evaluated was less than 5%, while the model for the concentration of residual iron response provided mean prediction error greater than 30%.
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